Objective: Insomnia disorder is a risk factor for cardiovascular (CV) pathology. It is unknown whether insomnia that develops in the context of the menopausal transition (MT) impacts the CV system. We assessed nocturnal blood pressure (BP) and heart rate (HR) profiles in women with insomnia disorder in the MT.
I
nsomnia disorder (difficulty initiating or maintaining sleep or early morning awakening, associated with clinically significant distress) 1 is highly prevalent in women approaching menopause, with 26% of women in the menopausal transition (MT) meeting diagnostic criteria for an insomnia diagnosis. 2 Insomnia that develops in the context of menopause has unique features like hot flashes, and also shares several classical features of insomnia in the general population including anxiety and depression symptoms and high night-to-night variability in sleep quality. 3 Hot flashes are a hallmark of the MT, being reported by up to 85% of women, and are a cardinal feature of insomnia in midlife women. 2 We previously reported that nocturnal physiological hot flashes, identified from fluctuations in sternal skin conductance, are more frequent in women who developed insomnia compared with those who did not develop insomnia in the context of the MT 3 and that the majority of hot flashes are associated with awakenings, with hot flash-associated wake time contributing, on average, 27.2% of the total amount of polysomnographic (PSG) wake after sleep onset (WASO). 4 We also found that insomnia was associated with more PSGdefined WASO overall and shorter total sleep time (TST), with almost 50% of the women with insomnia in the MT sleeping less than 6 hours per night. 3 Insomnia is linked to several adverse mental and physical conditions 5, 6 among which the development of cardiovascular (CV) disease is one of the most deleterious. 7, 8 Given that insomnia combined with short sleep duration (<6 h of sleep) accounts for the highest odds ratio in the risk of hypertension 9 and is proposed as the most biologically severe phenotype of the disorder, 10 insomnia disorder in women in the MT may have serious repercussions for future CV health.
Insomnia is considered to be a hyperarousal disorder in which several psychophysiological domains are overactivated. 11 In-lab controlled studies have revealed that individuals with insomnia show elevated high frequency cortical electroencephalographic (EEG) activity, 12 greater brain metabolism, 13 and higher neuroendocrine (eg, cortisol) and inflammatory indices (eg, interleukin-6) 14,15 than good sleepers. In addition, elevated cardiac sympathetic autonomic activity [16] [17] [18] and sympathovagal balance favoring sympathetic predominance 19 have been reported. One study that measured beat-to-beat blood pressure (BP) also found elevated systolic BP (SBP) and a smaller wake-to-sleep dip in SBP in insomnia sufferers compared with controls. 20 These laboratory findings of an adverse overall nocturnal CV profile in insomnia match the larger body of epidemiological evidence supporting a link between insomnia and CV risk. 7, 8 Menopause is accompanied by an accelerated age-related rise in sympathetic nervous system activity and increase in BP in association with declining estrogen levels 21 and hot flashes are linked with higher BP and CV risk factors. 22, 23 Whether the nocturnal CV profile is altered in women with insomnia in the context of the MT is unknown.
Sleep and the CV system are intimately connected.
24
During non-rapid-eye-movement (NREM) sleep, CV activity reaches its lowest level with a reduction in sympathetic tone and increase in vagal functioning compared with rapid-eyemovement (REM) sleep, when autonomic nervous system (ANS) activity is similar to wakefulness. [24] [25] [26] Baroreflex sensitivity increases during sleep, and findings of a simultaneous drop in heart rate (HR) and BP at sleep onset together with effective baroreflex control indicate a resetting of the reflex during sleep. 24 Thus, changes in ANS innervation of the heart and vasculature drive a nocturnal reduction in BP, HR, and systemic vascular resistance. Nocturnal BP is modulated to a greater extent by sleep than by circadian influences, as evident from constant routine paradigms. 27, 28 On the contrary, the nocturnal drop in HR is strongly influenced by the circadian system. 29 BP and HR also vary as a function of sleep stage, being higher in REM sleep than NREM sleep, and show dramatic increases in response to arousals. 30 In addition, phasic sleep events such as K-complexes, hallmarks of N2 sleep reflecting synchronization of cortical neurons, 31 are associated with CV modifications (tachycardia followed by bradycardia), and these sleep events are thought to play a role in CV regulation during sleep. 32 Thus, alterations in the sleep system may affect homeostasis of the CV system. In particular, frequent arousals from sleep associated with increased HR and BP impact the overall CV profile, reducing the extent of BP dipping at night. 33 The aim of the current study was to investigate the nocturnal BP and HR profiles (as assessed by beat-to-beat monitoring) in women with insomnia disorder developed in the context of the MT compared with matched controls who had not developed insomnia. We hypothesized that women with insomnia compared with those without insomnia would have an adverse CV profile during the sleep period, characterized by higher BP and HR values and a blunted nocturnal BP dip.
METHODS

Participants
Twenty-three women in the MT (defined according to Stages of Reproductive Aging Workshop criteria, 34 that is, menstrual cycle lengths that differed by >7 d from normal or an amenorrhea interval of >60 d but not >12 mo) were included in this analysis. Twelve women met DSM-IV criteria for insomnia and 11 women served as controls. They were participants in a larger study of sleep quality in women with and without insomnia in the MT. Participants were included in the current analysis if they had at least 6 hours of reliable nocturnal BP data recorded during their sleep studies. The study was reviewed and approved by SRI International's Institutional Review Board. All participants were informed about the purpose of the study, and they gave written informed consent and received compensation for participation. For a full description of sample characteristic and screening procedure, see Sassoon et al. 35 All women had an intact uterus and at least one ovary, a body mass index (BMI) of at most 32 kgÁm À2 to reduce the likelihood of having obstructive sleep apnea, and no severe medical conditions (eg, hypertension, diabetes); they were not taking hormone therapy and were not currently using medication affecting sleep or the CV system (eg, antihypertensives, benzodiazepines) or psychoactive medications; none of the participants were shift workers. None of the women had a lifetime history of DSM-IV insomnia, or currently had other Axis-I disorders (eg, major depressive disorder, generalized anxiety disorder), except nicotine dependence (one woman with insomnia). None of the women reported pain disorders (eg, fibromyalgia). None of the women met criteria for a sleep disorder other than insomnia (eg, breathing or leg movement disorders) as confirmed by a laboratory clinical PSG; all women had an apnea-hypopnea index at most 5 and a periodic limb movement index at most 10.
A structured clinical interview, 36 including a customized module assessing DSM-IV criteria for insomnia, 37 was administered to all participants. Twelve women met criteria for insomnia, reporting difficulty falling asleep and/or maintaining sleep and/or early morning awakenings at least three times per week for at least a month, associated with clinically significant distress/impairment in daytime functioning. The onset of insomnia was coincident with the MT. Eleven women without insomnia served as controls. Characteristics of the two groups are shown in Table 1 .
Laboratory procedures
All women had an adaptation/clinical PSG to adapt them to the laboratory and procedures and to confirm the absence of a sleep disorder other than insomnia. Participants then had one (seven women with and six women without insomnia) or two (five women with and five women without insomnia) nonconsecutive PSG recordings in the Human Sleep Research Laboratory at SRI International. Participants were instructed to refrain from consuming alcohol or drinking beverages containing caffeine after 15:00 of each recording day; all women registered 0.0 on a breathalyzer on arrival at the sleep laboratory. Lights-out (time at which the participants' bedroom lights were turned off and participants were allowed to sleep) and lights-on (time at which the participants' bedroom lights were turned on, marking the end of the recording and NOCTURNAL BLOOD PRESSURE IN INSOMNIA DISORDER wake-up time) times were self-selected by participants. PSG, beat-to-beat BP, ECG, and skin conductance signals were continuously collected throughout the night. Participants slept in temperature-controlled and sound-attenuated bedrooms. Blood samples were collected at each visit either in the evening or in the morning.
Self-report assessment of sleep, depression, and menopausal symptoms
At the clinical interview, participants completed questionnaires about their sleep habits and quality over the past month using the Pittsburgh Sleep Quality Index. 38 They also completed the Beck Depression Inventory-II 39 to assess symptoms of depression, and the psychological, somatic, and vasomotor scales of the Greene Climacteric Scale (GCS). 40 
PSG assessments
A standard PSG including electroencephalography (F 3/4 , C 3/4 , O 3/4 referenced to the contralateral mastoids), electrooculography, and electromyography was performed according to American Academy of Sleep Medicine criteria 41 using a Grael system and Profusion PSG3 software (Compumedics, Abbotsford, Victoria, Australia). EEG signals were sampled at 256 Hz and filtered (0.3-35 Hz). The PSG (wake, N1, N2, N3, REM) was scored in 30-second epochs, and brief arousals (!3 s, <15 s) were marked according to American Academy of Sleep Medicine criteria. 41 TST (min), time taken to fall asleep (time from lights-out to the first epoch of any sleep stage, sleep onset latency, min), total amount of WASO (min), time spent in N1, N2, N3, and REM sleep as a percentage of TST were calculated. In addition, women rated their sleep quality on a 100 mm visual analogue scale (0 mm ¼ very bad, 100 mm ¼ very good).
PSG time spent awake (min), in NREM (N1þN2þN3, min) and REM (min) sleep, and number of awakenings and arousals were calculated for each hour of the night to match the analysis of the nighttime CV profile.
Nocturnal CV assessment
Beat-to-beat BP was recorded throughout the night using a Portapres Model-2 unit (TNO TPD Biomedical Instrumentation, Amsterdam, The Netherlands) connected to two photoplethysmography cuffs attached to the participants' index and middle fingers of the nondominant hand. The sampling rate was 64 Hz. The potential ischemic discomfort associated with continuous cuff inflation was minimized by regularly alternating measurements between two fingers (15-min intervals). This validated method 42, 43 allows noninvasive prolonged recordings of BP. Recordings with less than 6 hours of reliable BP data or those in which cuffs shifted by at least 5 mm Hg and/or had extensive drop-outs in the BP signal were excluded.
All analyses were performed using SRS 5.1 software (Sleep Research System, School of Behavioural Science, University of Melbourne, Australia). Peak (systole) and lowest point (diastole) of the BP waveform were automatically identified by the software and manually adjusted when necessary for each cardiac cycle. BP data were further inspected for accuracy, particularly for potential cuff-related errors, and unreliable recording periods were deleted (3.8% rejection rate). We also checked whether cuff-switching differentially impacted sleep in the insomnia and control groups and found no difference: women with insomnia had 0.69 AE 0.26 cuff shift-related arousals/awakenings per hour of sleep and controls had 0.52 AE 0.25 cuff shift-related arousals/awakenings per hour of sleep, P > 0.05. SBP (mm Hg) and diastolic BP (DBP, mm Hg) measures were obtained and averaged for each hour after lights-out across the first 6 hours of the night because all women had at least 6 complete hours in bed. Average BP measures were also calculated separately for NREM and REM sleep.
The electrocardiogram signal was collected at 512 Hz using Ag/AgCl Meditrace surface spot electrodes in a modified lead II Einthoven configuration (leads were placed under the right clavicle and on the lower left abdomen within the rib cage DE ZAMBOTTI ET AL frame). R-waves were automatically detected and manually adjusted when necessary, and normal-to-normal interbeatintervals (ms) were calculated. HR was averaged for each hour after lights-out and also calculated separately for NREM and REM sleep.
Objective hot flash measurement
Nocturnal skin conductance signals were recorded using a BioDerm Skin Conductance Meter (Model 2701; UFI, Morro Bay, CA). Two 1.5 cm in diameter Ag/AgCl electrodes filled with 0.05 M potassium chloride Velvachol/glycol gel were placed on either side of the sternum and a 0.5-V constant voltage circuit was maintained between them. 44 The Bioderm was connected via an optically isolated DC input to the Compumedics amplifiers, and the skin conductance signal was sampled at 16 Hz and coregistered online as a PSG channel. Hot flashes were independently evaluated by two scorers for fluctuation in skin conductance at least 2 micro Siemens (mmho) within 30 seconds. 45 Number of hot flashes and time spent awake (min) associated with hot flashes 4 were calculated.
Serum hormone analyses
At each visit, blood samples were collected and frozen (À708C) before analysis with standard immunoassay kits for follicle-stimulating hormone (FSH, IUÁL À1 ) (Siemens Healthcare Diagnostics, Los Angeles, CA; intraassay and interassay coefficients of variations were 2.6% and 5.5%, respectively; sensitivity, 0.1 IUÁL À1 ), progesterone (ngÁmL À1 ) (Siemens Medical Solutions Diagnostics, Los Angeles, CA; intraassay and interassay coefficients of variations were 4.0% and 5.7%, respectively; sensitivity, 0.2 ngÁmL À1 ), and estradiol (pgÁmol À1 ) (Beckman Coulter Inc, Fullerton, CA; intraassay and interassay coefficients of variations were 6.7% and 7.6%, respectively; sensitivity, 3 pgÁmol À1 ). Progesterone levels at least 3 ngÁmL À1 were used as a cutoff to classify the luteal phase 46 (five women with and five women without insomnia had a PSG night recorded in the luteal phase of their menstrual cycles; in all the remaining nights progesterone was <3 ngÁmL À1 ).
Statistical analyses FSH and estradiol values were log-transformed to achieve normal distribution before analysis. Independent t tests were used to test group differences (women with vs women without insomnia) in demographic measures, hormonal levels, subjective sleep, mood, and menopausal symptoms. Independent t tests were also used to test group differences in all-night PSG measures (for women contributing two nights, values were first averaged for both nights). The x 2 test was used to compare the frequencies with which insomnia and control women had hot flashes.
Repeated measures mixed models were used to investigate potential group differences in nocturnal CV profiles and sleep stage distribution across hours of the night, accounting for multiple observations for some of the women (five women with and five women without insomnia contributed two nights of data to the analysis; the remaining participants contributed one night). The models included group (women with and without insomnia), time (hours across the night as a continuous variable), and the interaction term group Â time. All models included random effects for participants and residual error. If time or the interaction of group Â time were statistically significant, we conducted post hoc tests using a simplified mixed model (analogous to post hoc t tests for an ANOVA) for comparing response means at different time points. Wald x 2 test and associated P values are provided for the overall models; Z and associated P values are provided for significant main effects of group and/or time and/or group -Â time interactions. Additional models that included group, sleep stage (NREM and REM), and the interaction term group Â sleep stage were run to investigate sleep stage differences in BP and HR measures. The potential influence of hot flashes and stage of the MT on the CV profile was also explored by adding hot flashes (yes/no) and FSH levels as additional factors in the models. F values are provided for the overall models, and t values are provided for significant main effects. All analyses were performed using Stata/SE 14.1 for Windows. Results are reported as mean AE SD unless otherwise indicated. Significance was set at P < 0.05.
RESULTS
Demographic measures and self-reported symptoms
Women with insomnia had higher Beck Depression Inventory scores, reflecting more depressive symptoms (t ¼ À2.34, P < 0.05), and higher Pittsburgh Sleep Quality Index scores, reflecting poorer sleep quality (t ¼ À5.53, P < 0.001). They also had higher scores on the psychological (t ¼ À2.27, P < 0.05) and vasomotor (t ¼ À2.74, P < 0.05) scales of the GCS than controls. The groups did not differ significantly for age, BMI, FSH, and estradiol levels, although FSH levels tended to be higher, and estradiol levels lower, in the insomnia group (Table 1) .
Sleep stage distribution, hot flashes, awakenings, and arousals across the night
As shown in Table 2 , there were no significant group differences for lights-out and lights-on times, sleep onset latency, or TST. There was a strong tendency for women with insomnia to have more WASO than controls, which was not quite significant (P ¼ 0.051). There were no group differences in percentage time spent in each sleep stage (Table 2) .
Seven women with insomnia compared with two women without insomnia had at least one objectively recorded hot flash at night (x 2 ¼ 3.88, P < 0.05). Among these women, the two controls had, respectively, one and four hot flashes per night, accounting for 0% and 6.3% of total WASO; the seven women with insomnia had, on average, 3.9 (AE3) hot flashes per night (range: 1-8), accounting for 22.4% (AE21.9%) of total WASO.
The hourly distribution of wake time, NREM sleep, REM sleep, and numbers of awakenings and arousals across the first 6 hours after lights-out was similar between groups, with no NOCTURNAL BLOOD PRESSURE IN INSOMNIA DISORDER significant group or group Â time interaction effects (Fig. 1) . As expected, there was a significant time effect for REM sleep (Z ¼ 6.60, P < 0.001), which increased across the night. There was also a significant time effect for NREM sleep (Z ¼ À5.04, P < 0.001), which decreased across the night. The number of awakenings (Wald x 2 ¼ 20.13, P ¼ 0.001) increased (time main effect, Z ¼ 4.17, P < 0.001) in h6 compared with h1 to h3 in both groups (all p < 0.05).
Nocturnal CV profiles
The hourly averages of HR, SBP, and DBP across the first 6 hours after lights-out are shown in Figure 2 .
HR
The model was significant (Wald x 2 ¼ 29.94, P < 0.001) for HR revealing a time main effect (Z ¼ À3.83, P < 0.001). In both groups of women, HR rose from h1 to h2 and then decreased from h2 to h5 and h6, from h3 to h5 and h6, and from h4 to h6 (all P < 0.05). The main effect of group and the interaction term were not significant.
SBP
The model was significant (Wald x 2 ¼ 30.74, P < 0.001) for SBP revealing a group Â time interaction (Z ¼ 2.42, P ¼ 0.016). In both groups of women, SBP dropped at the beginning of the night, from h1 to h2 and h3 (all P < 0.05). The drop was, however, maintained only in controls with SBP in h4 to h6 being lower than h1 (all P < 0.05). In contrast, in those women with insomnia, after the initial drop, SBP significantly increased and was significantly higher in h4 to h6 than in h3 (all P < 0.05). Although the pattern of change in SBP across the night differed between groups, post hoc analysis revealed no difference in absolute values at each hour between groups.
DBP
The model was significant (Wald x 2 ¼ 20.93, P < 0.001) for DBP revealing a group Â time interaction (Z ¼ 3.17, P ¼ 0.002). In the control group, DBP decreased across the night with DBP in h2 (P < 0.05) and h5 (P < 0.05) being lower than in h1. In the insomnia group, DBP increased in the latter part of the night being higher in h6 than h2 and h3 (all P < 0.05). Post hoc analysis of values at each hour showed that women with insomnia had higher DBP than controls in h5 and h6 (P < 0.05).
Effect of sleep stage on CV measures
The model was significant for HR (F 3,30 ¼ 8. We reran all models including the amount of time women spent awake for each hour of sleep (which included the time spent awake associated with hot flashes) as a potential confounding factor. All the significant effects, including interactions, remained. Hot flashes (yes/no) and FSH levels, as a biological marker of the MT, 47 were not significant factors in the models. Also, extending the period of analysis for BP to the seventh hour of the night in 11 women with and 10 women without insomnia having at least 10 minutes of reliable BP data in h7 did not change results with both groups of women maintaining the same nocturnal SBP and DBP pattern into h7.
DISCUSSION
Our results show that women with insomnia that developed in the context of the MT have an altered nocturnal BP profile DE ZAMBOTTI ET AL compared with controls. Both groups showed an initial drop in BP, which was maintained in controls whereas BP increased across the night in women with insomnia. The divergence in BP between the two groups of women remained significant when controlling for the amount of nighttime wakefulness in the analysis and did not seem to be obviously related to sleep composition; both groups had similar lights-out and lights-on times as well as similar PSG sleep stage distributions across hours of the night. Also, there was no significant difference in the NREM-REM increase in BP between groups. Our finding of an initial reduction in SBP from the first to second and third hours after lights-out in both groups is consistent with the literature showing that BP falls around sleep-onset, in part associated with a change to supine posture, and shows a further reduction in association with stable NREM sleep (N3 and N2) . 25, 48 We only measured BP from lights-out, and therefore did not capture the dip in BP that is evident from day to nighttime levels 49 and from before lightsout to the first hour of sleep. 48 Similar to previous findings, 25 we also found that BP was higher in REM sleep than in NREM sleep. The fall in BP after sleep is initiated likely reflects changes in autonomic control, with a fall in sympathetic vascular tone and consequently increased vasodilation, as well as a resetting of the baroreflex during NREM sleep. 24, 25 Cardiac sympathetic activity also decreases, and vagal activity increases, associated with a decrease in HR across the sleep period, 25,29 as we found here in both women with and without insomnia, along with the expected REM-NREM difference in HR. 24 Our main finding, of a rise in BP in the second part of sleep in women with insomnia in contrast to the maintained decline in BP across the night in controls, suggests an underlying difference in BP regulation in women with insomnia. An absent or blunted nocturnal BP drop has been linked with adverse consequences including vascular damage, endothelial dysfunction, and atherosclerosis. 50 Indeed, a nondipping nocturnal BP profile is considered an important CV risk factor. 51 To our knowledge, there are, however, no studies specifically characterizing and linking the maintenance of the To our knowledge, only one other study has investigated nocturnal BP profiles in insomnia disorder. 20 Beat-to-beat BP over a 24-hour period was assessed in 13 participants with and 13 participants without chronic insomnia. The results indicated that insomnia participants had higher SBP and DBP measures across the night and a lower day-to-night BP drop (less dipping), in the absence of any difference in PSG sleep macrostructure, suggesting that an altered BP profile may be a trait-like feature of insomnia. Although we also found differences in the nocturnal BP profile in women with insomnia developed in the context of the MT compared with controls, our findings are not identical to those of Lanfranchi et al. 20 We found that BP only diverged in the second part of the night, increasing from the fourth hour of the sleep period onward in the insomnia group. This increase in BP was much earlier than the well-documented morning surge in BP in proximity to wake-up time and associated postural and ambulatory changes. 52 Our sample consisted of women who developed insomnia in the context of the MT, whereas the sample included in the study by Lanfranchi et al 20 was composed of men and women of a wide age range (30-60 y). There are sex and age-related differences in autonomic ANS regulation of BP, 21 which could explain the different results between studies. Also, there are functional and structural differences in several systems that are involved in BP regulation, including the ANS, in women at different reproductive stages. 21 Thus, potential alterations in the mechanisms involved in BP regulation may differ in insomnia developed in the context of the MT compared with insomnia developed before the MT. It seems that loss of estrogen as women transition menopause is linked mechanistically with decreased b-adrenergic vasodilatation and consequently increased risk of hypertension in older women. 53 The altered hormone environment in the MT in combination with insomnia could therefore impact the BP profile.
Although nocturnal BP profiles differed between women with insomnia and controls, HR profiles did not, with both groups showing a reduction in HR across the night. HR seemed to be faster at each time point across the night in the insomnia women (Fig. 2) ; however, there was no significant group difference at any time, which may be due, in part, to low statistical power in this small sample, with high between-participant variability in each hour sampled.
We did not find any group differences in PSG-defined sleep macrostructure; however, women with insomnia tended to have more WASO overall. In our analysis of the larger sample which included women from this analysis (n ¼ 72), we found that women with insomnia had significantly shorter TST and longer WASO than controls, 3 raising the possibility that these factors could have affected BP. Women with insomnia also show large night-to-night variability in self-report measures of WASO, 3 and chronically variable sleep-wake patterns might impact BP profiles in insomnia. Although PSG measures of sleep quality and/or sleep depth have been associated with the extent of the BP dip in healthy populations, 54 ,55 PSG-measured sleep quality did not predict BP dipping in untreated participants with mild-to-severe obstructive sleep apnea, 56 raising the possibility that the normal relationship between sleep quality and BP dipping may unravel in clinical populations. Of note, participants with obstructive sleep apnea typically have a more blunted   FIG. 2 . HR, SBP, and DBP across the first 6 hours of the night after lights-out in 12 women with and 11 women without insomnia disorder developed in the context of the MT. Vertical bars represent standard errors. Asterisks mark significant group differences in absolute values at each hour of the night. Details of the significant differences according to time within each group are described in the main text. DBP, diastolic blood pressure; HR, heart rate; MT, menopausal transition; SBP, systolic blood pressure.
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nocturnal BP profile across the night than what we found in the insomnia women, with SBP values approximately 15 mm Hg higher than in controls. 57 It remains to be determined whether different alterations in nocturnal BP profiles in clinical populations afford different CV risk profiles.
Differences in sleep microstructure (eg, lower delta EEG power and elevated beta EEG power) are implicated in altered nocturnal BP levels. High beta EEG power is considered an indicator of cortical hyper arousal, 58 and Lanfranchi et al 20 found that high nighttime SBP was independently associated with high beta EEG power. We previously reported that beta EEG activity was elevated in REM sleep (but not in NREM sleep) in the larger sample of women who developed insomnia in the context of the MT compared with controls. 3 Also, the Study of Women Across the Nation reported that beta EEG power in NREM and REM sleep was higher in late perimenopausal and postmenopausal women than pre-and early perimenopausal women, an effect partially explained by the frequency of hot flashes. 59 Furthermore, in the Study of Women Across the Nation data set, high beta EEG power was related to increased likelihood of being hypertensive. 60 Several studies have indicated that sympathovagal balance favoring vagal predominance is related to high levels of slow wave sleep and delta EEG power [61] [62] [63] [64] [65] [66] and, importantly, changes in the ANS anticipate the production of delta EEG, suggesting that changes in ANS modulation facilitate cortical synchronization. 65, 67, 68 Altered relationships (decrease in coherence) between measures of sympathovagal balance and delta EEG power have been found in chronic insomnia 69 as well as in other sleep disorders like sleep apneahypopnea syndrome 70 and in participants with major depressive disorder. 71 Thus, it is possible that ANS-sleep relationships are altered in women who developed insomnia in the context of the MT. Future studies are needed to evaluate sleep-BP and sleep-ANS relationships in MT insomnia and to analyze CV responses to arousals and other phasic sleep events like K-complexes to investigate whether CV responses are exaggerated, which could explain the increase in BP across the night in women who developed insomnia in the MT.
Hot flashes are a unique feature of insomnia in the context of the MT. 72 As expected, we found that women with insomnia had higher scores on the GCS vasomotor scale and more of them showed a propensity for objective hot flashes at night, based on measures of skin conductance, than controls. The frequency of hot flash events across the night in most of the women with insomnia in our study was relatively low, and wake associated with hot flashes contributed, on average, 23% of total WASO. The propensity for having hot flashes over and above the events themselves could also influence the BP profile. Others found that self-reported hot flashes at night were associated with a transient increase in BP, 73 and studies show that women with hot flashes (which are more likely to be those suffering from insomnia) have higher resting BP and higher HR during day and night than asymptomatic women. 22, 74, 75 Also, hot flashes are linked to subclinical CV disease and CV risk factors 23 and, in particular, alterations in the vasculature. Women with hot flashes have reduced flow-mediated dilation and more aortic calcification, 76 and women with persistent hot flashes or earlyonset hot flashes have higher carotid intima media thickness than women with infrequent hot flashes. 77 Future studies are needed in larger samples of midlife women with insomnia and a range in frequency and severity of hot flashes to investigate if hot flashes are directly or indirectly responsible for altered nocturnal ANS control over the heart (eg, elevated cardiac sympathetic activity) and vasculature (eg, baroreceptor reflex control malfunctioning, sympathetic vasoconstriction). The duration of menopausal symptoms, including insomnia, also needs to be considered to understand the time course for the development of the alteration in nocturnal BP profiles.
Our study has limitations that should be considered. The sample size is small, even though resolution of measurement (beat-to-beat) was high and some women contributed two nights of recordings to the analysis. We did not measure BP during the day and were, therefore, unable to capture the BP dipping profile. Similarly, analysis was limited up to 6 hours of the night, and we therefore did not capture the sleep-towake morning rise in BP. We are unable to identify the physiological mechanism underlying the different BP profile in MT insomnia because we did not assess peripheral vascular resistance, baroreceptor control, or sympathetic nervous system activity. Future work is required to investigate these measures in women who developed insomnia in the context of the MT.
CONCLUSIONS
We show here that women with insomnia that developed in the context of the MT have an altered nocturnal BP profile, with a rise in both systolic and diastolic BP in the second part of the sleep period, suggesting altered CV regulation compared with women without insomnia. Further studies in larger samples of women are needed to confirm these findings and to investigate the potential clinical significance of an altered nocturnal BP profile.
